PCX 



WORLD INmLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
D04H1/54 



Al 



(11) International Publication Number: WO 97/02378 

(43) International Publication Dale: 23 Januaiy 1997 (23^1 .97) 



(21) International Application Number: P(nvUS96/ 10829 

(22) International Filing Date: 26 June 1996 (26.06.96) 



(30) Priority Data: 
08/497.484 



30 June 1995(30.06.95) 



US 



(71) Applicant: KIMBERLY-CLARK CORPORATION [US/US]; 

401 North Lake Street, Neenah, WI 54956 (US). 

(72) Inventors: STOKES, Ty, Jackson; 4535 Sutton Lane, Suwanee, 

GA 30174 (US). BUTT, Jon, Richard, Sr.; 4020 River 
Rock Way. Woodstock, GA 30188 (US). WRIGHT, Alan. 
Edward; 41 42 Country Manor Court. Woodstock. GA 30188 
(US). 

(74) Agents: HERRICK, William, D. et al; Kimberly-Clark Corpo- 
ration, 401 North Lake Street. Neenah, WI 54956 (US). 



(81) Designated States: AL, AM, AT, AU. AZ, BB, BG, BR, BY, 
CA. CH, CN, CZ, DE, DK. EE, ES, H, GB, GE, HU, IS, 
JP. KE, KG, KP. KR, KZ, LK, LR, LS, LT, LU. LV, MD, 
MG, MK, MN, MW. MX, NO, NZ, PL, PT. RO, RU, SD. 
SE, SG, SI, SK, TJ, TM. TR. TT, UA, UG. UZ. VN. ARIPO 
patent (KE, LS. MW, SD. SZ. UG), Eurasian patent (AM, 
AZ. BY, KG, KZ, MD, RU. TJ. TM), European patent (AT, 
BE. CH, DE, DK. ES, FI, FR. GB. GR, IE. IT, LU, MC, 
NL. PT, SE), OAPI patent (BF. BJ, CP, CO, Q. CM, GA. 
GN. ML. MR. NE, SN. TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CREASED NONWOVEN WEB WITH STRETCH AND RECOVERY 




(57) Abstract 

Nonwoven fabrics having a desirable level of bulk, elasticity and low permanent set are produced by creasing a precursor web and 
heat setting the creases. Such webs may have varying basis wei^ts and compositions depending on the intended end use. Applications 
disclosed include components for personal care products such as disposable diapers and feminine hygiene products, for example, as well as 
gamient applications such as training pants, surgical gowns and the like. Also, absorbent products such as wipers are disclosed. Methods 
for forming the cieased nonwoven fabric are disclosed using interdigitated rolls for creasing in the machine diiection or in the cross-machine 
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CREASED NONWOVEN WEB WITH STRETCH AND RECOVERY 



BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention is directed to nonwoven fabrics useful for a wde variety of 
applications. Such nonvyovens in the form of lightweight, soft, porous webs are used as cover 

10 liners for personal care products such as sanitary napkins and disposable diapers, for 
example. Other embodiments of honwovens having engineered capillary structures are 
useful, for example, as intentiediate transfer layers for such personal care products acting to 
distribute fluids and minimize leakage. Still others, frequently in heavier basis weights, are 
highly absorbent and sen^e as the absorbent medium for personal care products. In addition 

15 to nonwovens for personal care applications, the field of the invention embraces nonwovens 
for many other uses, for example in the household as cleaning materials and wipers, In the 
service product area as towels, bathmats and the like, in the automotive and marine areas for 
scrubbing, wiping, protective and other uses and in the hospital and veterinary areas as 
garments, drapes, wipes and applicators. The field includes nom/oven fabrics broadly for 

20 these and many other uses which will be apparent in light of the description below and 
prefen^d embodiments of which will be set forth hereinafter in detail. Moreover, the field 
embraces methods and apparatus for manufacturing such nonwovens resulting in 
engineered, three-dimensionally aeased webs. 

25 General Background 

The manufacture of nonwoven fabrics Is a highly developed art In general, nonwoven 
webs and their manufacture involve fonming filaments or fibers and depositing them on a 
carrier In such manner so as to cause the filaments or fibers to overiap or entangle as a mat 
30 of a desired basis weight The bonding of such a mat may be achieved simply by 
entanglement or by other means such as adhesive, application of heat and/or pressure to 
thermally responsive fibers, or, In some cases, by pressure alone. WhBe many variations 
within this general description are known, two commonly used processes are refenred to as 
spunbonding and meltblowing. Spunbonded nonwoven structures are defined in numerous 
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patents induding. for example, U.S. Pat No. 3,565,729 to Hartmann dated Feb. 23, 1971, 
U.S Pat No. 4,405,297 to App I and Morman dated Sept 20, 1983, Matsuki, U.S. Pat No, 
3,802,817 dated Apr. 9, 1974 and U.S. Pat No. 3.692.618 to Dorschner, Carduck, and 
Storket)aum dated Sept 19, 1972. Discussion of the meltblowing process may also be foimd 
5 in a wide variety of sources including, ifbr example, an article entitled, "Superfine 
Thermoplastic Fibers" by Wendt in industrial and F naineerino Chemistnf, Volume 48, No. 8. 
(1956) pages 1342-1346 as wett as U.S. Pat No. 3,978.185 to Buntia KeBer and Hardwig 
dated Aug. 31. 1976, U.S. Pat No. 3,795.571 to Prentice dated Mar. 5. 1974, and U.S. Pat 
No. 3.811,957 to Buntin dated May 21, 1974. Spunbonded webs and meltblown webs are 

10 widely used for many applications, including personal care products as described, for 
example, in U.S. Pat No. 4.397.644 to Matthews. Allison. Woon. Stevens and Bomslaeger. 
dated Aug. 9, 1983 or U.S, Pat No. 4.372,312 to Fendler and Bemandin dated Feb. 8, 1983. 
Other nonwoven manufacturing processes include carding, wetlaying and needling, but the 
invention vrill be described with particular reference to meltblown and spunbonded webs 

15 which represent preferred embodiments. 

In addition to processes for making nonwovens, In general, it is also known to form 
nonwoven fabrics broadly into corrugated or creped stmctures for various purposes. For 
example, nonwoven fabrics may be formed into cigarette filters by directing the web through a 
horn as described in U.S. Pat No. 2.164.702 to Davidson dated 4 July 1939. The use of 

2 0 conugations to add bulk and softness to nonwoven webs is also known. 

Notwithstanding the intense investigation into the subject, there remains desired for the 
above applications and others a lightweight, bulky nonwoven fabric that can be produced with 
a controlled degree of stretch and recovery properties as well as other benefits and a process 
for producing such a fabric. 

25 

SUMMARY QF THE INVENTION 

In accordance with the present invention there is provided an improved nonwoven 
fabric made from a nonelaslic precursor web having pemianent creases of at least about 2 

30 per centimeter measured orthogonal to the creasiB lines and a bulk after creasing of at least 
about 1.5 times the thickness of the base web, v^lh the nonwoven fabric having a recovery of 
at least about 35%. preferably at least about 60 percent when stretched 10 percent in a 
direction orthogonal to the crease lines. In accordance with the invention the lines of creases 
may be either in the machine direction or in the cross-machine direction as the web is 

35 produced. Additionally, the web defined may be combined with one or more other web 
structures in composite materials having particulariy advantageous properties. The process 
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3 

of the hvention us s controlled application of heat to the creased web to impart memory and 
permanent recovery properties. Specific applications for these materials are also included. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Figure 1 is a schematic illustration of a process for producing creased nonwoven wel>s 
in accordance with the present invention that are creased in the cross-machine direction. 

Rgure 2 is a schematic of a process for produdng creased nonwoven webs in 
accordance with the present invention with creases extending in the machine direction. 
10 Figures 3 and 4 illustrate creased nonwoven webs in accordance with the present 
invention. 

Rgures 5 and 6 illustrate stretch and recovery properties obtained in accordance vvith 
the present invention as compared with a control material. 

Figure 7 illustrates a garment in accordance with the invention using the creased 
1 5 nonwoven web as a stretchable cuff. 

Figure 8 illustrates a creased laminate in accordance with the inverition. 

DETAILED DESCRIPTION 

20 Although the Invention will be described In connection with the preferred embodiments, 
it will be understood that it is not intended to limit the invention to those embodiments. On the 
contrary. It is intended to cover all alternatives, modifications and equivalents as may be 
included within the spirit and scope of the invention as defined by the appended claims. 

Certain terms used herein will be defined to facilitate an understanding of the invention. 

25 The term "creased" as used herein is intended to describe a generally regular, V-shape 
series of peaks and valleys pemianently fonned into the nonwoven web and extending 
continuously in a direction of the web. However, it should be understood that the temi is not 
meant to exclude more rounded or "U"-shapes or even square-shaped peaks and valleys. 
The term "percent stretch" as used herein is defined by multiplying by 100 the fraction 

30 obtained by dividing the difference between a stretched length (Ls) and an Initial length (U) by 
the initial length. The term "percent recovery" as used, herein Is defined by multiplying by 100 
the fraction obtained by dividing the difference between U and the recovered length (U) by 
the difference between U and U The method for obtaining these lengths is described In 
detail hereinafter. 

35 Since it is the structure of the web of the present invention which Is largely responsible 
for the ffnprovements obtained, the raw materials used may be selected from a wide variety. 
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For example, and without limiting the generality of th foregoing, thermoplastic polymers such 
as polyolefins including polyethylene, polypropyl ne as well as polystyrene may be used as 
may be polyesters including polyethylene terephalate and polyamides including nylons. 
Whae the base or precursor web Is not inherently elastic, it Is not intended to exclude 
5 compositions including a minor amount of other thenroplastic polymers such as those which 
are elastomeric including elastomeric polyurethanes and block copolymers although It Is to be 
understood that it is a feature of the invention that elastomeric compositions are not 
necessary to obtain the benefits of the invention. Compatible blends of any of the foregoing 
may also be used. In addition, additives such as processing aids. wetGng agents, nucleating 

10 agents, compatibifizers, wax, fillers and the like may be incorporated in amounts consistent 
with the fiber fomning process used to achieve desired results. Other fiber or filament forniing 
materials wiD suggest themselves to those skilled in the art It is only essential that the 
composition be capable of spinning into filaments or fit)ers of some fonn that can be 
deposited on a forming surface and thermally shaped into pennanent oorrugations or creases 

15 as further described below. Since many of these polymers are hydrophobic, if a wettable 
surface is desired, known compatible surfactants may be added to the polymer as Is well- 
known to those skilled in the art Such surfactants indude, by way of example and not 
limitation, anionic and npnionic surfactants such as sodium diakylsulfosucdnate (Aerosol OT 
available from American Cyanamid) and ehtyoxylated octyi phenol (Triton X-102 available 

20 from Union Carbide). The amount of surfactant additive will depend on the desired end use 
as will also be apparent to those skilled in this art Other additives such as pigments, fillers, 
stabiPizers, compatibilizers and the like may also be incorporated. Further discussion of the 
use of such additives may be had by reference to U.S. Patent Number 4,374,888 to 
Bomslaeger dated February 22. 1983, for example, and U.S. Patent Number 4.070,218 to 

2 5 Weber dated January 24, 1 978, for example. 

The basis weight for nonwoven fabrics produced in accordance with the invention will 
vary widely depending upon the intended use. For example, very lightweight webs having a 
basis weight in the range of from about 10 grams per square meter to 50 grams per square 
meter or even lighter in some cases are useful as liners for disposable diapers, containment 

30 flaps for disposable diapers, or for covers, liners or transfer layers and as a component of 
other personal care products such as sanitary napkins. The transfer layer in such a product is 
positioned between the absorbent layer and the liner and serves to distribute fluid passing 
through the liner in a manner to achieve maximum utilization of the absorbent medium. 
Somewhat heavier basis weights will serve for applications such as washcloths, towels and 

35 the like and as various garment components, which generally will have a basis weight in the 
range of from about 20 grams per square meter to about 70 grams per square meter. Still 



wo 97/02378 5 PCT/US96/10829 

heavier products in the basis weight range of from about 70 giams per square meter to 300 
grams per square m ter or even higher can be engineered to be stiffer and find uses such as 
a scmbber for auto vvindshields, for example, or lor household uses. For other applications, 
such as. for example, bath mats, it may be useful to laminate a nonwoven fabric having 

5 conugations produced in accordance with the present invention with an absoibent bottom 
layer to provide desired absorption and rigidity to the product Examples of other products or 
combinations requiring similar or different nonwoven basis weights wiH be apparent to those 
skilled in the art, and some will be discussed in detail below. 

The number of creases for the nonwoven fabrics produced in accordance with the 

10 invention is not critical, but will be generally within the range of from about 2 to about 55 per 
centimeter measured in a direction orthogonal to the creases, and. for many applications, will 
desirably be within the range of from about 5 to about 40 per centimeter. The shape of the 
individual creases as indicated above, will be generally V-shaped, and the height vwll be 
selected in accordance with the desired web properties. For example, at the lower end of the 

15 number of creases per centimeter, the height may generally be higher in range from 0.5 to 
about 1.7 centimeters as measured vertically from a valley to the adjacent peak. For higher 
numbers of creases per centimeter, the height may be reduced, for example, down to the 
range of about 0.08 to about 0.17 centimeters. In all cases, the creases are permanent In the 
sense that, when the nonwoven fabric is relaxed, they tend to return and provide stretch and 

20 recovery properties as further discussed in detail below. The filament or fiber forming process 
used may vary widely as may the characteristics of the fibers or filaments themselves. For 
example, continuous spunbond filaments may be used as well as meltblown continuous or 
discontinuous microfibers. Furthemiore, multicomponent or multiconstitutent fibers are useful, 
and mixtures with powders such as superabsortDent or natural fibers such as wood pulp may 

25 also be used depending upon the desired end use properties. 

Turning to Fig. 1. a process for producing the aeased nonwoven fabric of the present 
invention is illustrated. As shown, filament forming device 10. Ulustrated as. for example, 
spunbond apparatus, deposits filaments 12 on fomning wire 14 aeating web 16 which is 
directed through compacting roll nip 18 comprising compaction rolls 20 and 22. Web 16 is 

30 then directed to through-air heater 24 including heated air supply 26 and vacuum assist 28. 
Heater 24 may provide bonding to web 16 and/or it may be bonded by other means (not 
shown) such as a separate through-air or point bonder in which case heater 24 may be 
omitted or may provide supplemental heating to maintain web 16 at a desired temperature for 
creasing. While still heated, web 16 is then directed to nip 30 between geared rolls 32 and 

35 34. Rolls 32 and 34 have compi mentary grooves 36, 38 wWch ad to deform web 16 
producing creases 17 extending across the web and compacting the overatt length of web 16. 
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As win be apparent to those skilled in the art. the web forming nd including, for exampi , 
spunborid former 10 may t)e omitted If preformed webs are used. Thecreas d web 40 may 
be forwarded immediately for use or, as would normally be the case, wound into rolls 42 for 
shipment or storage. 

5 Turning to Rg. 2. an alternative embodiment wherein the web is oeased in the opposite 
direction is Illustrated and wiH be described. Uke elements are numbered the same in both 
figures. As will be understood, in Ms case geared roils 32 and 34 era replaced by a series of 
complementary discs which act to deform web 16 forming creases 44 extending In the 
machine direction of creased web 46. 
10 Fig. 3 is a schematic Illustration of a cross-section of creased web 40 showing creases 

101. 

Fig. 4 is a two part illustration of the web of Fig. 3 is a stretched condition and then after 
relaxation and return to the creased condition. 

For certain applications it will be desirable to utilize multicomponent fibers in which case 

15 either the spunbond former 10 will be designed in accordance with technology known to 
those skilled in the art to form multicomponent filaments such as are described in coassigned 
U.S. Patent 5,382,400 to Hershberger. Brown. Pike, Gwaltney and Siegel dated 17 January 
1995, incorporated herein by reference in its entirety or, alternatively, the preformed precursor 
web will be a multicomponent fiber or filament web. 

20 Hg. 5 is a hysteresis cun^e showing improvements in stretch properties obtained in 
accordance with the present invention. As can be seen, permanent set is minimal, If any. 

Fig. 6 is a graph like Rg. 5 only of a comparative control material. The amount of 
permanent set is readily apparent from the fact that the difference t>etween the intersections 
of the X-axis is in the range of 40%. 

25 Fig. 7 illustrates a garment application showing in partial view» for example, a surgical 
gown 110 having a cuff 112 made of the material of the invention having creases 114. 

Rg. 8 illustrates the material of the invention in the form of a laminate 120 of nonwoven 
layer 122 and film layer 124. 

Depending upon the desired end results, certain parameters are important as affecting 

30 the overall web properties. The basis weight of the starting web material v^ll dictate to some 
degree the other important parameters. For example, a very heavy basis weight material may 
necessitate a greater volume of heated air in the through-air heater in order to effectively raise 
the temperature of the web. Similariy, the grooves in the geared roils wiH t>e conrigured so as 
to accommodate the web basis weight In general, most applications will utilize Isasis weights 

35 in the range of from about 5 gsm to about 150 gsm. For many applications the basis weight 
will be within the range of from about 10 gsm to about 40 gsm while other applications will use 
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basis weights within the range of from about 40 gsm to about 110 gsm. Also, the bulk of the 
starting web wiH affect these process parameters t some degree. The bulk may vary widely 
from about 0.01 cm to about 1.3 cm. For applications such as Bners for personal care 
products, for example, the starting bulk will be in the range of from about 0.01 cm to 0.06 cm 
5 whereas other applications, such as filter materials, will more effectively use thk:ker starting 
webs with a bulk in the range of from about 0.06 cm to about 1.3 cm. Intermediate bulks of . 
for example, about 0.02 cm to 0.3 cm. are useful for surge layers. In general, the lighter the 
basis weight and lower the bulk, the easier it will be to form higher numbers of creases in the 
web at higher line speeds. 

10 Another important parameter is the temperature at which the web is subjected to the 

corrugation step such as grooved roll or discs. It is important that the temperature be high 
enough that the creases in the consolidated web are heat set at least to some degree. 
Normally this will require a temperature above the softening point of at least a major 
component of the web but below the melting point of any of the web components. TNs 

15 temperature may be obtained by controlling the temperature of the heater such as the 
through-air heater as illustrated. As will be apparent to those skilled in the art other heating 
means such as ovens, ultrasonics, steam and the like may be employed instead of or in 
addition to the illustrated through-air heater. If additional heating is desired, either or both of 
the geared rolls or the discs may be heated. To some extent the actual temperature within 

20 the equipment will take Into consideration the line speed as will be apparent to those skilled in 
the art Higher line speeds may require or withstand higher temperatures. 

It is also possible, particularly where the creases extend in the machine direction, to 
vary the number of aeases and locations across the web to produce, for example, a web 
having lower bulk edge portions while higher bulk properties in the central portions and vice 

25 versa. Other variations will be apparent to those skilled in the art 

The base web may be fomied from a wide variety of thermoplastic compositions 
including blends of different polymers. For example, and without limiting the generality of the 
foregoing, thermoplastic polymers such as polyolefins Including polyethylene, polypropylene 
as well as polystyrene may l>e used as may the polyesters and nylorts. Blends of different 

30 fibers may be used as may the multicomponent fibers having two or more polymers arranged 
in distinct tocations. Such multicomponent fibers are known and may be produced, for 
example, as described in above-mentioned coassigned U.S. Patent 5,382,400 which is 
incorporated herein in its entirety by reference. 

It Is also contemplated that webs In accordance wth the present invenfion may be 

35 produced in the form of laminates including multiple webs and/or films capable of being heat 
set in the creased condition desi::ribed herein. 
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Webs in accordance with the invention niay be further illustrated in terms of certain test 
parameters. Test results described herein were obtained as follows: 

Bulk results were obtained by measuring the thickness of a four inch square sample under a 
5 five inch square plexiglass plate applying 0.025 psig pressure. 

Stretch and Recovery 

A sample T x 6" was prepared with the creases normal to the long dimension. The 
10 sample v/as suspended from a dip and a pretension weight (9.24 gram) was attached to the 
bottom end. The initial length (U) was recorded. A test weight was added to the pretension 
weight to bring the total load to the desired level (e.g. 300 grams). The stretched length (U) 
was recorded. The test weight was removed, leaving only the pretension weight The 
recovered length (U) was recorded. A single test weight or a cyde of weights was used for 
15 each sample. 



(U-U)x100 
%Strelch = 

20 



25 (U-Lb)xIOO 
% Recovery = ^ 



30 



Method 1 - lOOg, 200g, 300g and 500g test weights were used in sequence on a single 
sample. Initial, stretched and recovered lengths are recorded for each weight % Stretch and 
35 % Recovery were recorded for each weight A final % set (permanent stretch) was calculated 
using the 1st initial (100g) and the 500g recovered length. 

U (500). U (100) 
%Set = xlOO 

40 

U(100) 
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Method 2 - Initial, stretched, and recovered lengths were determined with 300g as the 
single test wei^t 

Creases per centimeter were measured as the average of three counts made vlsuaOy 
5 on samples three inches (7.62 cm) In width orthogonal to the direction of the creases. 

Hysteresis was measured by using a Sintech 1/S tester. A one inch (2.64 cm) by 
seven inches (17.8 cm) sample was subjected to three cycles to a target elongation of 60%. 
Creased materials were oin with a 500 gram load cell, and uncreased materials were run with 
10 a 50 pound (--22,680 gram) load cell. The crosshead speed was 500 mm per minute, and the 
gage length was set at three inches (7.62 cm). A curve was generated for % strain vs load 
(g). The load was reported at incremental per cent elongation and the total set calculated 
using the formula of Method 1 above. 

15 EXAMPLES 

The Invention will now be illustrated by means of examples. These examples are not 
intended to be Gmiting in any way and extensions and modifications thereof without departure 
fix>m the spirit and scope of ttie invention and the claims will be apparent to those skilled in 
20 the art 



SAMPLE DESCRIPTIONS 



Sample A was a 1,0 ounce per square yard (osy) (34 gsm) basis weight side-by-side 
25 bicomponent spunbond web of 50%/50% Exxon 3445 polypropylene and Dow 6811 A linear 
low density polyethylene bonded with a wireweave bond pattern of about 15% coverage and 
about 48 t>onds per square centimeter. Sample B was a 34 gsm monocomponent spunt>ond 
web of Exxon 3445 polypropylene with the same bond pattern as Sample A. Sample C was 
a 34 gsm meltblown web of Himont PF 015 polypropylene having a diamond bond pattem of 
30 about 17% coverage and 19 bonds per square centimeter (EHP). Sample D was a 34 gsm 
bicomponent spunbond witti an Exxon 3445 polypropylene sheath and Custom 401-D nylon 
6 core 50%/50% by weight and bonded witti a diamond bond pattem of about 25% bond area 
and 31 bonds per square centimeter (H-P). Sample E was the same as D except ttiat the 
sheath was Dow 681 1 A linear iow density polyettiylene. Sample F was a laminate of the 0.5 
35 osy (17gsm) Exxon 3445 polypropylene spunbond borKied with the pattem of Sample A witti 
a 0.4 mil film of a blend of polyeUiylenes ttie composite being bonded witti a baby objects 
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pattern ^nth about 12% bond area. Sample Q was a 17 gsm bicomponent spunbond like that 
of Sample E except that the core was Exxon 3445 polypropylene. Sample H was a 51 gsm 
side-by-slde bicomponent spunbond web with Exxon 3445 polypic^ene and Dow 6811 A 
linear low density polyethylene that was through-air bonded. Sample I was the same as 
5 Sample H except that the basis weight was 68 gsm. Table 1 sets out bulk, stretch and 
recovery data for the precursor webs. 
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EXAMPLE 1 

1 

For these runs, apparatus as illustrated in Fig. 1 was used except that the webs were 
preformed and not formed directly in fine with the pleating step. To apply the creases to these 
5 samples, steel roils having lengthwise grooves of 0.254 cm width and 0.2 cm depth on a 
diameter of 14 cm were used and operated in an intemieshing manner as shown in Rg. 1. 
Heat )fifas applied direcUy to the web using air at varying temperatures and flow rates as 
indicated below, and the rolls were driven at tfie same speed providing a web travel of 7.6 
meters per min. One to five oins were made for each sample with the operating conditions 
10 varied as set forth in Table 2 below. The number of creases per centimeter of web length 
varied depending on the basis weight and operating conditions, but v^s generally in the 
range of from about 2 to about 5 per cm. Bulk results are an average of five measurements. 

Table 2 





Air 


Ab- 




% 


% 






Sample 


Temperature 


Flow 


Ron 


Stretch 


Recovery 


Bulk 


Creases/cm 


F 


cfm 


psi 


300 g 




inches 




A 


274 


90 


90 


8.40 


68.0 


0.0440 


3.0 




281 


90 


90 


13.10 


66.0 


0.0530 


3.4 




293 


150 


90 


32.70 


67.0 


0.0630 


3.5 




299 


195 


90 


61.60 


60.0 


0.0740 


4.4 


B 


297 


195 


90 


3.70 


59.0 


0.0520 


2.6 




333 


90 


90 


57.00 


7ft0 


0.0670 


3.6 




343 


200 


90 


62.60 


82.0 


0.0750 






337 


160 


90 


57.70 


81.0 


0.0760 


4.4 


C 


324 


120 


90 


8.90 


45.0 


0.0770 


3.7 




322 


90 


90 


26.50 


38.0 


0.0710 


3.8 


D 


319 


90 


90 


24.30 


63.0 


0.0540 


3.4 




320 


110 


90 


29.20 


62.0 


0.0550 


3.6 




325 


150 


90 


18.40 


67.0 


0.0470 


3.3 


E 


288 


100 


90 


38.40 


64.0 


0.0570 


3.9 




288 


130 


90 


33.60 


63.0 


0.0590 






289 


150 


90 


26.80 


65.0 


0.0540 


3.8 




289 


180 


90 


28.90 


61.0 


0.0580 


3.8 




290 


200 


90 


32.60 


62.0 


0.0540 


3.6 


F 


280 


200 


88 


3.72 


78.3 


0.0180 


2.5 




290 


200 


88 


5.02 


86.1 


0.0315 


2.6 


G 


298 


200 


88 


26.20 


59.2 


0.0613 


41 


H 


300 


200 


88 


46.30 


72.9 


0.0590 


4.3 



Table 3 illustrates the effect of omitting heat from the creasing step in producing the samples 
of Examples 1-XV. In each case mris were made without heat applied to the creasing as 
indicated. 



wo 97/02378 



PCT/US96/10829 



Tables 



Sample 


Air 

Temperature 
F 


Air 
Flow 
cfm 


Roll 

psi 


% 
Stretch 
300g 


% 

Recovefy 


Bulk 
biches 


C 


A 


Off 


0 


80 


7.00 


76.0 


0.0180 


0 


B 


Off 


0 


90 


2.00 


78,0 


0.0130 


0 


C 


Off 


0 


90 


7.14 


78.5 


0.0140 


0 


0 


Off 


0 


90 


1.70 


83.3 


0.0090 


0 


E 


Off 


0 


B8 


2.24 


77.8 


0.0105 


0 


H 


Off 


0 


90 


5.02 


85.0 


0.0278 


0 



5 

As is demonstrated by the foregoing, the present invention provides permanent creases 
and increased bulk to the resulting nonwoven fabric. 

Table 2 also shows the effect of different treatment temperatures on the properties of 
10 the webs of the examples and that higher temperatures have a tendency to inaease both the 
number of crimps and the bulk. 

Tables 4 and 5 provide direct comparisons of bulk, stretch and recovery tests for 
samples with and without heat applied. 

15 
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Bulk Comparisons 

Comparative Hot Cold 

Table #1 Table #2 Table #3 

Sample Bulk Inches Bulk inches Bulk Inches 



A 


0.015 


0.074 


0.018 


B 


0.014 


0.076 


0.013 


C 


0.012 


0.071 


0.014 


D 


0.012 


0.055 


0.009 


E 


0.010 


0.059 


0.011 


F 


0.021 


0.032 




G 


0.014 


0.061 




H 


0.027 


0.059 


0.028 



Tables 

Stretch and Recovery Comparisons 

Hot Cold 

Table #2 Table #3 

Sample % Stretch % Recovery % Stretch % Recovery 

300 g 300g 

A 61.6 60.0 7.00 76.0 

B 62.6 82.0 2.00 78.0 

C 26.5 38.0 7.14 78.5 

D 29.2 62.0 1.70 83.3 

E 38.4 64.0 224 77.8 

F 5.02 86.1 

G 26.2 59.2 

H 46.3 72.9 5.02 85.0 
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Stretch and recovery results are also much improved in aooordanoe with the present 
invention. 



EXAMPLE 2 

5 

For these examples, equipment was used as described in Fig. 2 to provide creases runrting in 
the machine direction. In this case 5.5 inch (14 cm) OD rolls were formed by 1/32 inch 
washers spaced apart by three spacers making grooves of 0.125 inch (0.32 cm) width and 
0.10 inch (0.25 cm) depth. Two rolls intemneshed and were mn under the same conditions as 
10 the prior described equipment The washers and spacers were iodced on a shaft by lock 
washers. Table 6 sets out operating conditions and test results obtained with these materials. 
Letter sample designations correspond to the descriptions above. 
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As can be seen, comparable results are obtained with machine direction creasing. 
As will be apparent other fabric or web layers may be used instead of or in addition to 
those shown. 
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IQabn: 

1. Nonwoven fabric comprising a nonelastic precursor web having permanent 
creases of at least 2 per centimeter measured orthogonal to the creases lines and a bulk of at 

5 least 1.5 times the tNdgiess of the base web. said nonwoven febric having a recovery of at 
least 35% when subjected to 300g stretch test in a direction orthogonal to the crease fines. 

2. The nonwoven fabric of Claim 1 v^erein said nonelastic base web 
comprises a thermoplastic polymer selected from the group consisting of polyolefins, 

10 polyesters, and polyamides and blends thereof. 

3. The nonwoven fabric of Claim 1 wherein said nonelastic base web 
comprises a propylene based polymer or copolymer 

15 4. The nonwoven fabric of Claim 1 wherein the number of crease lines is 

within the range of from about 2 to about 55 per centimeter. 

5. The nonwoven fabric of Claim 4 wherein the number of crease lines is 
within the range of from about 5 to about 40 per centimeter. 

20 

6. The nonwoven fabric of Claim 1 wherein said creases have an average 
height in the range of from about 0.03 centirheter to about 1.7 centimeters. 

7. The nonwoven fabric of Claim 6 wherein said creases have an average 
2 5 height in the range of from about 0.03 centimeter to about 0.17 centimeter. 

8. The nonwoven fabric of Claim 6 wherein said creases have an average 
height in the range of from about 0.5 centimeter to about 1 .7 centimeters. 

30 9. The nonwoven fabric of Claim 1 wherein said nonelastic base web has a 

basis weight in the range of from about 10 gsm to about 50 gsm and a bulk in the range of 
from about 0.01 cm to about 1 .3 cm. 

10. The nonwoven fabric of Claim 1 having a recovery of at least 60% after a 
35 300 gram load test 



10 
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11. The nonwoven fabric of Claim 10 having a total permanent set of less than 
10% after 60% elongation. 

12. The nonwoven fabric of Claim 1 1 having a total permanent set of less than 
s 7.5% after 60% elongation. 

13. A gamnent having as a component the nonwoven fabric of Claim 1. 

14. The gamnent of Claim 13 wherein said component comprises a cuff. 

15. A wiper comprising the nonwoven fabric of Claim 1 . 

16. A laminate comprising the nonwoven fabric of Claim 1. 

15 17. The laminate of Claim 16 also comprising a second fibrous web. 

18. The laminate of Claim 16 also comprising a film. 

19. The nonwoven fabric of Claim 1 comprising multicomponent fibers. 

20. The nonwoven fabric of Claim 19 wherein said multicomponent fibers are 



20 



crimped. 

21. The gamfient of Claim 13 wherein said nonwoven fabric comprises 
25 multicomponent fit>ers. 

22. The garment of Claim 21 wherein said multicomponent fibers are crimped. 

23. The gannent of Claim 14 wherein said nonwoven fabric comprises 
30 multicomponent fibers. 

24. The gamient of Claim 23 wherein said multicomponent fibers are crimped. 

25. A method for fomiing a nonwoven fabric having a recovery of at least 35% 
35 when subjected to a 300 gram stretch test from a nonelastic precursor base web comprising 

the steps of: 
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a. forming a nonelastic precursor web comprising thenfnoplastic filaers; 

b. creasing said precursor web to form at least 2 creas s per 

centimeter, and; 

c heat setting said creases. 

5 

26. The method of Claim 25 wherein the creases are formed In the cross- 
machine direction. 



10 direction. 



27. The method of Claim 25 wherein the creases ara formed in the machine 
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